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Abstract Of JP10084161 

PROBLEM TO BE SOLVED: To keep the continuous high 
output light emission for a long time. SOLUTION: An element 
N which is not contained In an active layer 4 is introduced into 
the active layer 4 through its end surface. Then, a region near 
the upper end surface of the active layer 4 Is replaced with 
compound material lOOf which contains the element N and 
has an energy band gap wider than the energy band gap of 
the active layer 4 and, further, through which a laser beam 
generated in the active layer 4 Is emitted. 
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PROBLEM TO BE SOLVED: To keep the 
continuous high output light emission for a long 
time. 

SOLUTION: An element N which is not contained 
in an active layer 4 is introduced into the active 
layer 4 through its end surface. Then, a region 
near the upper end surface of the active layer 4 is 
replaced with compound material lOOf which 
contains the element N and has an energy band 
gap wider than the energy band gap of the active 
layer 4 and. further, through which a laser beam 
generated in the active layer 4 is emitted. 
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[Claim(s)] 

[Claim l] The manufacture approach of the semiconductor laser characterized by having 
the process which introduces an element and permutes the field near [ said ] the end face of 
said compound semiconductor layer by the compound ingredient which has an energy band 
gap larger than said compoimd semiconductor layer jfrom the end face of a compound 
semiconductor layer* 

[Claim 2] Said installation is the manufacture approach of the semiconductor laser 
according to claim 1 characterized by carrjdng out by plasma-izing said element using the 
interaction of a magnetic field and microwave. 

[Claim 3] Semiconductor laser characterized by having a compound semiconductor layer 
for carrying out outgoing radiation of the laser beam fi'om the end face, and the layer 
which is prepared near [ said ] the end face and has an energy band gap larger than said 
compound semiconductor layer. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor laser used in fields, 
such as optical communication, optical recording, and optical information processing, and 
its manufacture approach. 
[0002] 

[Description of the Prior Art] The conventional semiconductor laser was difficult to 
perform continuation luminescence of long duration by high power. If there is 
semiconductor laser which fulfills such a property, while beiag able to reduce especially the 
number of the optical repeaters which have the semiconductor laser concerned inside in 
long-distance optical communication, it becomes unnecessary to exchange this 
semiconductor laser. It is thought that one of the causes which cannot carry out long 
duration continuation Ixmiiaescence of the semiconductor laser in high power is in melting 
destruction of the optical outgoing radiation end face at the time of high power. Since it is 
suddenly generated during high power continuation Ixmiinescence actuation of 
semiconductor laser, this failure is called COD (Catastrophic Optical Damage). Especially, 
COD occurs fi'equently in semiconductor laser with an oscillation wavelength of 1.1 
micrometers or less. As the light source for optical fiber amplifiers represented by EDFA 
(erbium addition fiber amplifier), although semiconductor laser with an oscillation 
wavelength of about 0.98 micrometers is expected, siuce it is difficult to perform 
continuation luminescence of high power long duration as mentioned above, by 
semiconductor laser with a current wavelength of 1.1 micrometers or less, the utilization of 
long- distance optical communication using such an optical fiber amplifier is obstructed. 
[0003] The consistency of the nonlumine scent recombiuation center between a 
semiconductor laser barrier layer end face and the reflective film can be reduced, or it is 
possible to control the growth as a means to control COD. Since the semi conductor layer of 
a wide energy band gap functions as a non-absorbing field [ near the end face ], growth of a 
nonluminescent recombination center is suppressed and end-face degradation stops easily 
beiag able to produce the so-called window structure which forms the semi-conductor layer 
of a transparent wide energy band gap in this end face to the light of oscillation 
wavelength. Moreover, the structure of reducing the leakage current to an end face by 
preparing current a non-pouring in field near the end face of a barrier layer is also 
considered, and growth of the nonluminescent pin center,large in an end face is prevented 
by reduction of ** and this leakage c\irrent. F\irthermore, the semiconductor laser of the 
structure which coated the end face with the super-thin film with a thickness of several nm 
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which is radicated by U.S. Pat. No. 5144634 is considered. 

[0004] Moreover, the approach of forming the end face of a barrier layer into high 
resistance is indicated by introducitig into JP, 6- 5986, A the same element as the element 
contained in a barrier layer from the end face concerned. 
[0005] 

[Problem(s) to be Solved by the Invention] However, it is necessary to need the cleavage in 
the inside of a vacuum, or to prepare a new semi conductor layer in an end face, and the 
manufacturing installation is complicated also in the semiconductor laser of which 
structure. Moreover, it is thought that the repeatability of the semiconductor laser 
manufactured using such an approach is not high, either. And although high resistance is 
formed near the end face of a barrier layer when introducing the same element as the 
element contained in a barrier layer from the end face concerned, it cannot be said that the 
continuation luminescence property of the high power long duration of the manufactured 
semiconductor laser is enough. 

[0006] This invention is made in order to solve such a technical problem, and it aims at 
offering the semiconductor laser which can perform continuation luminescence of high 
power long duration, and its manufacture approach. 
[0007] 

[Means for Solving the Problem] From the end face of a compound semiconductor layer, the 
manufacture approach of the semiconductor laser concerning this invention introduces an 
element, and is equipped with the process which permutes the field near the end face of a 
compound semiconductor layer by the compound ingredient which has an energy band gap 
larger than a compound semiconductor layer. Since according to this approach an element 
is introduced from the end face concerned and the compound ingredient which has energy 
band GYAPU larger than this compound semiconductor layer permutes the compound 
semiconductor layer near the end face, it can function near the end face of a compound 
semiconductor layer as the so-called transparent window area to oscillation wavelength, 
and it can prevent end-face degradation. Moreover, this compound semiconductor layer is 
GalnAs, GalnAsP, or GalnAsN, and, as for said element, it is desirable that they are 
nitrogen or a next door. A part of GalnAs, GalnAsP, or GalnAsN is permuted with a GaN 
system compound semiconductor with an energy band gap larger than the 
above-mentioned compound semiconductor layer, a GalnAsP system compound 
semiconductor, or a GaP system compound semiconductor by the permutation with these 
elements. Furthermore, as for this installation, it is desirable to carry out by plasma-izing 
said element using the interaction of a magnetic field and microwave, and a good 
compound layer is formed in this case. And the semiconductor laser manufactured by such 
approach is equipped with the compound semiconductor layer for carrjdng out outgoing 
radiation of the laser beam from that end face, and the layer which is prepared in this end 
face and has an energy band gap larger than said compound semiconductor layer, 
[0008] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of the semiconductor 
laser concerning this invention and its manufacture approach is explained using an 
attached drawing. In addition, to the same element, the overlapping explanation is omitted 
using the same sign. 

[0009] Drawing 1 is the perspective view of the semiconductor laser concerning the gestalt 
of this operation. First, the structure of this semiconductor laser is explained. This 
semiconductor laser is equipped with the lower cladding layer 2 by which the laminating 
was carried out one by one on the substrate 1, the lower optical confinement layer 3, a 
barrier layer (compound semiconductor layer) 4, the up optical confinement layer 5, the 1st 
up cladding layer 6, the guide layer 8, the 2nd up cladding layer 9, and the contact layer 10, 
and 0.9- 1.1 micrometers of things specifically done for the outgoing radiation of the laser 
beam with a wavelength of 0.98 micrometers are preferably possible for it. Moreover, this 
semiconductor laser has the current block layer 7 divided by the slot which extends in the 
longitudinal direction between the 1st up cladding layer 6 and the contact layer 10. The 
guide layer 8 and the 2nd up cladding layer 9 are laid underground in the slot Oienceforth, 
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division slot) which divides the current block layer 7. The ohmic electrodes 11 and 12 are 
formed in contact layer 10 top face and substrate 1 inferior surface of tongue, respectively. 
[0010] The field directly under a division slot of the compound semiconductor layers 2-6 
and Mizouchi's layers 8 and 9 constitute a resonator, and the end face of these layers 
including the both ends of a division slot longitudinal direction constitutes the reflective 
end face (crystal cleavage plane) of resonator both ends. On the reflective end face 
(henceforth, outgoing radiation side) of the side to which outgoing radiation of the laser 
beam is carried out, lOOf of compound ingredients which have an energy band gap larger 
than a barrier layer 4 is formed. Moreover, on the front face of lOOf of compound 
ingredients, the SiN reflective reduction film (henceforth, reflective film) 20 is formed. 
Compound ingredient lOOb which has an energy band gap larger than a barrier layer 4 is 
formed in the reflective end face (henceforth, high reflector) which counters an outgoing 
radiation side. The multilayer reflective film 30 is formed by the front-face top of this 
compound ingredient lOOb. The midtilayer reflective film 30 consists of the dielectric thin 
film 31, the amorphous silicon film 32, the dielectric thin film 33, the amorphous silicon 
film 34, a dielectric thin fiilm 35, amorphous silicon film 36, and a dielectric thin film 37. 
[OOll] Next, the ingredient of each component etc. is explained. A substrate 1 consists of an 
n mold GaAs, and has the thickness of about 100 micrometers. The lower cladding layer 2 
consists of an n mold GalnP, and specifically has 1-2 micrometers of thickness of 1.5 
micrometers preferably. The lower optical confinement layer 3 consists of undoping 
GalnAsP, and specifically has the dozens of nm thickness of 47nm preferably. A barrier 
layer 4 consists of undoping GalnAs, and specifically has the several nm thickness of 8nm 
preferably. The up optical confinement layer 5 consists of undoping GalnAsP, and 
specifically has the dozens of nm thickness of 47nm preferably. The 1st up cladding layer 6 
consists of a p mold GalnP, and specifically has 0.3-0.5 micrometers of thickness of 0.4 
micrometers preferably. The guide layer 8 consists of a p mold GaAs, and specifically has 
10-30nm of thickness of 15nm preferably. The 2nd up cladding layer 9 consists of a p mold 
GalnP, and specifically has 1-2 micrometers of thickness of 1.1 micrometers preferably. The 
contact layer 10 consists of a p mold GaAs. The current block layer 7 has the thickness of 
an n mold AlGalnP remarkable, a cladding layer 9, and an abbreviation EQC. The 
dielectric thin films 31, 33, 35, and 37 consist of SiN. In addition, Si02 or aluminum 203 
may be used instead of SiN as an ingredient of the dielectric thin films 20, 31, 33, 35, and 
37. Both the compound ingredients lOOf and 100b are GaN system compound 
semiconductors, and contain Ga, In, As, and N. In addition, the magnitude of the energy 
band gap of each compoTind semiconductor layer is a value specified with the ingredient of 
each layer. 

[0012] Next, actuation of this semiconductor laser is explained. When an electrical 
potential difference is impressed and a current is supplied between the up-and-down 
electrode 11 and 12, an electron is poured into the field directly under a division slot of a 
barrier layer 4 (active region) for an electron hole from the n- type -semiconductor layer 2 
side of the barrier layer 4 lower part from the p type semiconductor layer 6 side of the 
barrier layer 4 upper part. If the minimum value required for these impregnation carrier 
consistencies to make the inverted population is exceeded, the Mitsutoshi profit by induced 
emission operation and the optical loss of a resonator will be balanced, and laser actuation 
will be started. The laser beam generated in the barrier layer 4 interior is amplified going 
and coming back to the reflective edge face-to-face of a resonator, and carries out outgoing 
radiation firom the outgoing radiation end face of the side in which the low reflective film 
20 was formed. 

[0013] As mentioned above, as explained, this semiconductor laser is prepared the 
compound semiconductor layer 4 for carrying out outgoing radiation of the laser beam firom 
the end face, and near [ said ] the end face, has an energy band gap larger than the 
compound semiconductor layer 4 including Element N, and has the thin layer which 
functions as a transparent window area to oscillation light. 

[0014] Next, the maniifacture approach of this semiconductor laser is explained. Drawing 2 
is the top view of the wafer W which constitutes a substrate 1. This wafer W is a GaAs 
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(100) wafer (JUST substrate), and has the component formation field surrounded by the 
segments Ll and L2 perpendicular to an orientation flat OF, and the parallel segments L3 
and L8. Two or more semiconductor laser is manufactured by the component formation 
field of this wafer W. First, the chip bar which consists of two or more semiconductor laser 
intermediate products which carried out the column is manufactured from this wafer W. 
Hereafter, the mantifacture approach of this chip bar is explained using the cross section of 
the wafer W of the field in which one semiconductor laser in this component formation field 
is formed. In addition, in the following explanation, that by which two or more components 
were formed on the wafer W of drawing 2 also explains as a wafer W 

[0015] Drawing 3 thrii/or drawing 5 show the semiconductor laser intermediate field 
shown by the X-X arrow-head cross section of the wafer W of drawing 2 . Manufacture of 
the above-mentioned chip bar is performed using the following approaches. First, as shown 
in drawing 3 , the laminating of the lower cladding layer 2, the lower optical confinement 
layer 3, a barrier layer 4, the up optical confinement layer 5, the 1st up cladding layer 6, 
the guide layer 8, and the 2nd up cladding layer 9 is carried out one by one on a substrate 1 
(GaAs wafer W). this laminating - organic metal vapor growth (OMVPE) - it carries out 
using law. 

[0016] Next, as shown in drawing 4 , a mask is formed in the predetermined field on the 
2nd up cladding layer 9 and the guide layer 8, and sequential etching of these layers 9 and 
8 is carried out. That is, wet etching of the exposed region of the 2nd up cladding layer 9 is 
first carried out to a reverse mesa mold using an etching reagent. In addition, what is 
necessary is to form a reverse mesa, because the etch rates to crystal-face bearing of a 
cladding layer 9 differ, and just to set up the concentration of an etching reagent suitably 
so that such etching may be performed. In addition, since the guide layer 8 functions as an 
etching block layer at the time of this etching, only the exposed region of the 2nd up 
cladding layer 9 located in the guide layer 8 bottom is etched alternatively. After an 
appropriate time, an etching reagent is changed and the exposed region of the guide layer 8 
is etched. At the time of this etching, since the 1st up cladding layer 6 of guide layer 8 
directly under functions as an etching block layer, only the exposed region of the guide 
layer 8 is etched alternatively. 

[0017] Next, as shown in drawing 5 , the current block layer 7 is formed on the 1st up 
cladding layer 6 so that the exposure front face of the guide layer 8 exposed by etching and 
the 2nd up cladding layer 9 may be covered. Deposition of the current block layer 7 is 
performed to extent whose top face of the corresponds with the top face of the 2nd up 
cladding layer 9. The mask formed on the 2nd up cladding layer 9 is removed after 
formation of the current block layer 7, and the contact layer 10 is formed on the 2nd up 
cladding layer 9 and the current block layer 7. Then, electrodes 11 and 12 are 
vapor- deposited on the contact layer 10 and the exposure front face of a substrate 1, 
respectively. Finally in accordance with the segments Ll-LS which are in agreement with 
crystal orientation, cleavage of the wafer W shown in drawing 2 is carried out, and a chip 
bar is manufactured. 

[0018] Drawing 6 is the front view of this chip bar. This chip bar is taken out from the field 
surrounded by the cleavage planes Ll, L2, L3, and L4 of drawing 2 . As shown in this 
drawing, this chip bar is equipped with the semiconductor laser intermediate fields 
LD1-LD5 of the same structure. 

[0019] Next, formation of the compound ingredients lOOf and 100b and the reflective film 
20 and 30 is explained. Drawing 7 is the Y-Y arrowhead cross section of the chip bar 
shown in drawing 6 . First, a nitrogen atom is introduced from 4f of outgoing radiation 
sides in the semi-conductor layer which has a barrier layer 4 and a common end face. That 
is, the chip bar shown in drawing 7 is introduced in an ECR (electron cyclotron resonance) 
CVD system, and it arranges so that the nitrogen plasma ion generated within ECR 
equipment may be irradiated. The barrier layer 4 of about 4f of outgoing radiation sides is 
permuted with lOOf of compoimd semiconductor ingredients by instaUation of this nitrogen 
atom. Although lOOf of this compound semiconductor ingredient contains As a Uttle, when 
As atom which existed in the barrier layer 4 at the beginning permutes by N atom, that 
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principal component consists of GalnN. In addition. When the plasma of high density does 
not occur in the chamber of an ECR plasma CVD system at this time, in addition to 
nitrogen gas, Ar gas is introduced in the chamber concerned. In this case, by Ar gas, 
ionization of nitrogen gas is promoted, the consistency of the nitrogen plasma becomes 
high and nitriding of an end face is promoted. 

[0020] Nitrogen gas is used very extensively in tJie field of electronic industry as process 
gas for many years, and there is an advantage that it can be cheap and the thing of a high 
grade can come to hand easily. Therefore, by using nitrogen gas, it is low processing cost 
and end-face nitriding treatment of a high grade can be performed. Here, although an ECR 
method is used as the technique of a plasma exposure, as long as it is the method which 
can irradiate the ion which the exposure of the high grade plasma is possible, and does not 
do damage to a semi conductor front face, a helicon wave method may be used. The method 
using the interaction of these magnetic fields and microwave cannot introduce the damage 
near the end face, and can introduce nitrogen gas etc. into a semi-conductor layer from an 
end face. Furthermore, since these methods can be held also in low temperature (dozens of 
degreeC), a thermal damage is not introduced into a semi -conductor layer at the time of 
manufacture. 

[0021] In nitriding of the barrier layer 4 by this method, Ga and N in a barrier layer 4 join 
together, and it is mainly thought that the GaN system compoimd semiconductor layer 
which has the thickness which is 10-20nm is formed. Since the above-mentioned method is 
used for this compound semiconductor layer, it is a high resistive layer with a good low 
surface level consistency. lOOf of such good GaN system compound semiconductor layers 
reduces 14f [ of the end face ] leakage current, and they can expect reduction of the 
nonluminescent recombination center in an interface with the reflective film 20, and 
prevention of COD degradation. Furthermore, since lOOf of this semi-conductor layer has 
the energy band gap larger than a barrier layer 4, it functions as a transparent window 
area to the wavelength of the laser beam by which outgoing radiation is carried out. And 
these synergistic effects enable it to control COD degradation dramatically. 
[0022] Prawing 8 is the Y-Y arrow head sectional view of the formed chip bar of lOOf of 
compound ingredients. A nitrogen atom is introduced in a barrier layer 4 after formation of 
lOOf of compound ingredients from the end-face 4b side which counters 4f of outgoing 
radiation sides of a barrier layer 4. Since this introductory process is the same as the 
process which forms lOOf of compound ingredients, explanation is omitted. 
[0023] Drawing 9 is the Y-Y arrow-head sectional view of the chip bar with which the 
compoimd ingredients lOOf and 100b were formed in both end faces, respectively. The 
reflective fihn 20 is formed after formation of these ingredients lOOf and 100b using this 
ECR plasma CVD system on 14f of outgoing radiation sides of lOOf of compound 
ingredients. That is, the SiN reflective film 20 with a thickness of lOOnm or more is formed 
on 14f of outgoing radiation sides. 

[0024] Drawing 10 is the Y-Y arrow-head sectional view of a chip bar in which the reflective 
film 20 was formed. The reflection factor to a laser beam with a wavelength [ of the formed 
reflective fihn 20 ] of 0.98 micrometers is specifically 3% 10% or less preferably. Next, the 
reflective film 30 is formed on high reflector 14b of compound ingredient 100b using this 
ECR equipment. That is, on high reflector 14b, an SiN film is made into four layers and the 
laminating of the three layers of the amorphous silicon film of each other is made by turns. 
Of this process, the chip bar which consists of two or more semiconductor laser is formed. 
In addition, drawing 11 is the Y-Y arrow-head sectional view of the chip bar equipped with 
the completed semiconductor laser. The reflection factor to a laser beam with a wavelength 
[ of the formed reflective film 30 ] of 0.98 micrometers is specifically 93% 90% or more 
preferably. 

[0025] The semiconductor laser shown in drawing 1 is manufactured by finally separating 
each semiconductor laser LD1-LD5 along with the cleavage planes L9-L12 shown in 
drawing G . 

[0026] Next, the semiconductor laser concerning the mode of another operation and its 
manufacture approach are explained. The structiure of this semiconductor laser is the same 
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luminescence of a high power long time can be manufactured. Moreover, since this 
approach can be easily enforced as part [ reflective film formation ] of pretreatment, its 
adjustment with the usual semiconductor laser process is high, and it does not spoil 
productivity and a manufacturing cost. 
[Brief Description of the Drawings] 

[Drawing l1 The perspective view of semiconductor laser. 
[Drawing 2l The top view of a wafer. 

[Drawing 3l The sectional view of semiconductor laser intermediate field. 

[Drawing 4l The sectional view of semiconductor laser intermediate field. 

[Drawing 5l The sectional view of semiconductor laser intermediate field. 

[Drawing 6l The firont view of a chip bar. 

[Drawing 7l The sectional view of a chip bar. 

[Drawing 8l The sectional view of a chip bar. 

[Drawing 9l The sectional view of a chip bar. 

[Drawing lOl The sectional view of a chip bar. 

[Drawing 111 The sectional view of a chip bar. 

[Description of Notations] 

4 - A compound semiconductor layer, 4f, 14f An end face, lOOf - Compoxmd ingredient. 
[Drawing 1] 
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JPO and NCI Pi are not responsible for any damages caused by the use of this 
translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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